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(54) DIAGNOSTIC APPARATUS OF CONTROLUNG SYSTEM FOR CATALYST EARLY WARMING- 
UP OF INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a function of 
diagnosing the catalyst early warming-up system while 
satisfying a requirement for reduction in cost. 
SOLUTION: During catalyst early warming-up control, ignition 
timing is lagged to raise a temperature of exhausted gas to 
promote a heat increase of an air^el ratio sensor of an 
exhaust gas system. When the catalyst early warming-up 
control system becomes extraordinary! the temperature of 
the exhaust gas becomes lower than that in an ordinary state 
so that the heat increase of the air-fuel ratio sensor is 
delayed compared to the ordinary state, consequently time 
ONT from starting to activation of the air-fuel ratio sensor 
becomes longer than that in the ordinary state and also an 
accumulated value WHSM of heater electric power of the air^ 
fuel ratio sensor becomes larger than that in the ordinary 
state. Thus, the temperature of the air-fuel ratio sensor 
(degree of activation) is detected by means of an element 
impedance Zdc of the air-fuel ratio sensor and time CNT until 
the air-fuel ratio sensor is activated and heater power 

accumulated value WHSM are measured to compare them with determined value and determine 
whether or not the catalyst early warming-up control system is in the extraordinary state. 
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* NOTICES * 



JPO and NCIPI are not responBible for any 
damages caused by tlie use of this translation. 



l.This document has been translated by computer. So the translation may not reflect the original precisely. 



2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim 1] In the abnormality diagnostic equipment of the catalyst early warmmg-up control system of the 
internal combustion engine which diagnoses the existence of the abnormalities of the catalyst early 
warming-up control system which promotes warming up of the catalyst for an mtemal combustion 
engine's exhaust-gas purification Gas-constituents concentration, such as an oxygen density of an exhaust 
gas, an air-fiiel ratio, and the discharge gas sensor that detects either rich/Lean, A sensor activity judgmg 
means to judge the progress condition of activation of said discharge gas sensor after an mtemal 
combustion engine's starting, It judges whether based on the judgment result of said sensor activity 
judging means, activation of said discharge gas sensor is unusually late. Abnormality diagnostic 
equipment of the catalyst early warming-up control system of the internal combustion engine 
^fihaT;aetein.zed.by |^ha y.ing^an.abnqrma^ the ejds^nce of the abn ormaUtie^ ^ of 

said catalyst early warming-up control system. 

[Claim 2] Said sensor activity judging means is the abnormality diagnostic equipment of the catalyst early 
warming-up control system of the internal combustion engine according to claim 1 characterized by 
judging the progress condition of activation of said discharge gas sensor using the parameter correlated 
with time amoxuit until this discharge gas sensor is activated, or it. 

[Claim 3] It is the abnormality diagnostic equipment of the catalyst early warming-up control system of 
the internal combustion engine according to claim 1 or 2 which said discharge gas sensor contains the 
heater which promotes activation, and is characterized by judging said sensor activity judging means 
usmg the parameter which correlates the progress condition of activation of said discharge gas sensor with 
the power consumption addition value of said heater xmtil this discharge gas sensor is activated, or it. 
[Claim 4] Said sensor activity judging means is the abnormality diagnostic equipment of the catalyst early 
warming-up control system of the internal combustion engine according to claim 1 to 3 characterized by 
starting the judgment of the progress condition of activation of this discharge gas sensor after said 
discharge gas sensor reaches a predetermined activity degree after an internal combustion engine's 
starting. 

[Claim 5] Said sensor activity judging means is the abnormality diagnostic equipment of the catalyst early 
warming-up control system of the internal combustion engine according to claim 1 to 3 characterized by 
starting the judgment of the progress condition of activation of this discharge gas sensor after catalyst 
early warming-up control is started after an internal combustion engine's starting. 
[Claim 6] Abnormality diagnostic equipment of the catalyst early warming-up control system of the 
internal combustion engine according to claim 1 to 5 characterized by having an amendment means to 
amend the judgment result of said sensor activity judging means, or the criteria of an abnormality 
diagnosis of said abnormality diagnostic means according to an internal combustion engine's service 
condition and/or environmental condition in the period which judges the progress condition of activation 
of said discharge gas sensor with said sensor activity judging means. 

[Claim 7] Said sensor activity judging means is the abnormality diagnostic equipment of the catalyst early 
warming-up control system of the internal combustion engine according to claim 1 to 6 characterized by 
detecting the component impedance of this discharge gas sensor as a parameter showing the activity 
degree of said discharge gas sensor. 



[Translation done.] 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u==http%3A%2F%2Fwww4.ipdLnci... 3/25/2005 



JP,2003.120408,A [DETAILED DESCRIPTION] Page 1 of 10 



♦NOTICES 
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.This document has been translated by computer. So the translation may not reflect the original precisely. 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] r . ^ . 

[Field of the Invention] This invention relates to the abnormality diagnostic equipment ot the catalyst 
early warming-up control system of the internal combustion engine which diagnoses the existence of the 
abnormalities of the catalyst early warming-up control system which promotes warming up of the catalyst 
for an internal combustion engine's exhaust-gas purification. 

[0002] . . . . , 

[Description of the Prior Art] Perform catalyst early warming-up control by igmtion tunmg lag control 
etc. until warming up of this catalyst is carried out to activity temperature after engine starting and 
^ warming UP of the catalyst is carrie d out to activity temperature after engine starting, since the rate of 

order that an automobile in recent years may purify an exhaust gas, and an exhaust air heating value is 
made to increase, and it is made to carry out warming up of the catalyst for a short time. If the heating 
values which the exhaust air heating value under catalyst early warming-up control decreases, and are 
supplied to a catalyst by failure of this catalyst early warming-up system etc. run short, since warming up 
(activation) of a catalyst will be overdue and the exhaust ah* emission after engine starting will get worse, 
it is necessary to detect the abnormalities of a catalyst early warming-up system at an early stage. 
[0003] Then, as shown in JP,2001-132438,A, forming a sensor whenever [ catalyst temperature / which 
detects the temperature of a catalyst ], measuring whenever [ catalyst temperature / which was detected by 
the sensor whenever / this catalyst temperature ], and whenever [ presumed catalyst temperature / which 
was presimied based on the addition inhalation air content after starting ], and diagnosing the existence of 
the abnormalities of a catalyst early warming-up system is proposed. 
[0004] 

[Problem(s) to be Solved by the Invention] However, since it is necessary to newly form a sensor 
whenever [ for detecting whenever / catalyst temperature / catalyst temperature ], the demand of the part 
and low-cost[ which a cost rise is carried out and is an important technical technical problem in recent 
years ]-izing cannot be filled with the configuration of the above-mentioned official report. 
[0005] This invention is made in consideration of such a situation, therefore the purpose is in offering the 
abnormality diagnostic equipment of the catalyst early warmmg-up control system of the internal 
combustion engine which can realize the fimction to perform an abnormality diagnosis of a catalyst early 
warming-up system while filling the demand of low-cost-izing. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the abnormality 
diagnostic equipment of the catalyst early warming-up control system of the internal combustion engine 
of claim 1 of this invention It has the discharge gas sensor which detects gas-constituents concentration, 
such as an oxygen density of an exhaust gas, an air-fixel ratio, or rich/Lean. The progress condition of 
activation of a discharge gas sensor is judged with a sensor activity judging means after an internal 
combustion engine's starting. He judges whether based on the judgment result, activation of a discharge 
gas sensor is unusually late with an abnormality diagnostic means, and is trying to diagnose the existence 
of the abnormalities of a catalyst early warming-up control system. 

[0007] He installs the discharge gas sensor which detects gas-constituents concentration, such as an 
oxygen density of an exhaust gas, an air-fiiel ratio, or rich/Lean in the upstream (or both sides of the 
upstream and the lower stream of a river of a catalyst) of the catalyst in a flueway, and is trying to raise 
the exhaust-gas purification effectiveness of a catalyst with the internal combustion engine with which 
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recent years were electronics-control-ized by carrying out feedback control of the air-fiiel ratio near 
theoretical air fuel ratio based on the output of this discharge gas sensor. After an internal combustion 
engine's starting, a discharge gas sensor is also the same with a catalyst, and the output level of a 
discharge gas sensor rises to normal level as a temperature rise is carried out with exhaust air heat 
(carrying out a temperature rise with both generation of heat of a heater, and exhaust air heat in a 
discharge gas sensor with a built-in heater) and activation of a discharge gas sensor progresses by it. If the 
exhaust air heating value under catalyst early warming-up control decreases and warming up (activation) 
of a catalyst is overdue with failure of a catalyst early warming-up control system etc., activation of a 
discharge gas sensor will also be overdue. 

[0008] Paying attention to the correlation of the progress condition of wanning up of such a catalyst, and 
the progress condition of activation of a discharge gas sensor, this invention is judging the progress 
condition of activation of a discharge gas sensor after an internal combustion engine's starting, judges the 
progress condition of warming up of a catalyst indirectly, and diagnoses the existence of the abnormalities 
of a catalyst early warming-up control system. In this case, since the discharge gas sensor currently 
installed for Air Fuel Ratio Control should just be used for the discharge gas sensor used for an 
abnormality diagnosis of a catalyst early warming-up control system, while it does not need to form a 
sensor with a new sensor etc, whenever [ catalyst temperature ] and fills the demand of low-cost-izing, the 
function to perform an abnormality diagnosis of a catalyst early warming-up system is realizable. 
[0009] In this case, you may make it judge like claim 2 as an approach of judging the progress condition 
of activation of a discharge gas sensor, using the parameter correlated with time amount until a discharge 
gas sensor is activated, or it. For example, if time amount until a discharge gas sensor is activated 
becomes long, it can be judged that the progress condition of activation of a discharge gas sensor is late. 
jmi.Qi1..MQreQ\^er.^YQUwma y^m.ak e^i^^ 3 us i ng th e which correlates the progress 

condition of activation of a discharge gas sensor with the^ow§r'c6iSu^^ 

imtil this discharge gas sensor is activated, or it in the case of the discharge gas sensor having a heater. As 
mentioned above, the discharge gas sensor with a built-in heater needs to increase the heater heat (power 
consumption addition value of a heater) which will be suppUed by the time the part and a discharge gas 
sensor are activated, if the exhaust air heat supplied to a discharge gas sensor by the abnormalities of a 
catalyst early warming-up control system decreases in order that activation may progress with both 
generation of heat of a heater, and exhaust air heat. Therefore, if the power consumption addition value of 
a heater until a discharge gas sensor is activated increases, it can be judged that the progress condition of 
activation of the discharge gas sensor by exhaust air heat is late. 

[001 1] In this case, after a discharge gas sensor reaches a predetermined activity degree after an internal 
combustion engine's starting, you may make it the judgment of the progress condition of activation of a 
discharge gas sensor start the judgment of the progress condition of activation of this discharge gas sensor 
like claim 4, although you may make it start fi*om immediately after an internal combustion engine's 
starting. If it does in this way, even if the temperature (activity degree) of the discharge gas sensor of the 
time of starting of an internal combustion engine differs, the judgment of the progress condition of 
activation of a discharge gas sensor can be started on the always same conditions, and the judgment 
precision of the progress condition of activation can be improved. 

[0012] After catalyst early warming-up control is started after an internal combustion engine's starting, 
you may make it start the judgment of the progress condition of activation of this discharge gas sensor 
like claim 5 in consideration of catalyst early warming-up control of ignition timing lag control etc. being 
started, after waiting for a while generally until an internal combustion engine's operational status is 
stabilized to some extent after an internal combustion engine's starting. If it does in this way, without 
being influenced of dispersion in the operational status of the internal combustion engine before catalyst 
early warming-up control is started, the progress condition of activation of the discharge gas sensor by 
catalyst early warming-up control can be judged, and the judgment precision of the progress condition of 
activation can be improved. 

[0013] By the way, the exhaust air heating value supplied to a discharge gas sensor is decided by the 
exhaust-gas flow rate and the exhaust-gas temperature, an exhaust-gas flow rate changes with inhalation 
air contents, an exhaust-gas temperature changes with ignition timing, an air-fuel ratio, the amount of 
valves overlap of an adjustable valve timing device, the temperature (cooling water temperature, oil 
temperature) of an exhaust pipe, etc., and the temperature of an exhaust pipe changes with transit airflow 
(vehicle speed), outside air temperature, etc, which cool an exhaust pipe further. Therefore, according to 
enviroimiental conditions, such as service conditions, such as an internal combustion engine's inhalation 
air content, and outside air temperature, the exhaust air heating value supplied to a discharge gas sensor 
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changes and the progress condition of activation of a discharge gas sensor changes. 
[0014] You may make it an amendment means amend the judgment results (time amount, a heater power 
consumption addition value, etc. which activation takes) of the progress condition of activation of a 
discharge gas sensor, or the criteria of an abnonnality diagnosis like claim 6 m consideration of this point 
according to an internal combustion engine's service condition and/or envu-onmental condition in the 
period which judges the progress condition of activation of a discharge gas sensor. Or when amendments 
are a difficuh service condition and an environmental condition, you may make it suspend an abnormality 
judging. If it does in this way, even if an internal combustion engine's service condition and 
environmental condition differ from each other, the progress condition of activation of a discharge gas 
sensor can be judged on the always almost same conditions, and the judgment precision of the progress 
condition of activation can be improved. 

[0015] Moreover, you may make it detect the component impedance of this discharge gas sensor as a 
parameter showing the activity degree of a discharge gas sensor like claim 7 paying attention to a 
component impedance changing according to the temperature (activity degree) of a discharge gas sensor. 
If it does in this way, even if it does not form the temperature sensor which detects the temperature of a 
discharge gas sensor, the temperature (activity degree) of a discharge gas sensor is detectable with a 
sufficient precision from the detection value of a component impedance. 
[0016] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt of this invention is explained based on a 
drawing. First, based on drawing J , the outline configuration of the whole engine control system is 
explained. An air cleaner 13 is formed in the maximum upstream section of the inlet pipe 12 of the engine 
1 1 which is an internal combustion engine, and the air flow meter 14 which detects an inhalation air 
content to the downstream of this air cleaner 13 is formed in it. The throttle valve 15 and the throttle 
opening sensor 16 which detects throttle opening are formed in the downstream of this air flow meter 14. 
[0017] Furthermore, a surge tank 17 is formed in the downstream of a throttle valve 1 5, and the pressure- 
of-induction-pipe force sensor 18 which detects the pressure-of-induction-pipe force to this surge tank 17 
is formed in it. Moreover, the inlet manifold 19 which introduces air into each gas column of an engine 1 1 
is formed in a surge tank 17, and the fiiel injection valve 20 which injects a fuel, respectively is attached 
in it near the suction port of the inlet manifold 19 of each gas column. Moreover, an ignition plug 21 is 
attached in the cylinder head of an engine 1 1 for every gas column, and it is lit by the spark discharge of 
each point fire plug 21 at the gaseous mixture in a cylinder, 

[0018] Moreover, the cooling coolant temperature sensor 22 which detects cooling water temperature, and 
the crank angle sensor 23 which detects an engine speed are attached in the cylinder block of an engine 
11. 

[0019] On the other hand, the catalysts 25, such as a three way component catalyst which reduces CO, 
HC, NOx, etc. m an exhaust gas, are formed in the exhaust pipe 24 of an engine 11, and the air-fuel ratio 
sensor 26 (discharge gas sensor) which detects the air-fuel ratio of an exhaust gas to the upstream of this 
catalyst 25 is formed in it. Since the sensor component 27 (refer to drawing 2 ) of this air-fuel ratio sensor 
26 has high activity temperature (about 600-700 degrees C or more), it is difficuh to activate the sensor 
component 27 at an early stage after engine starting only with the heat of an exhaust gas. Then, while the 
air-fuel ratio sensor 26 contains a heater 28 and activates the sensor component 27 at an early stage by 
generation of heat of this heater 28, he is trying to control the energization to a heater 28 to maintain the 
temperature of the sensor component 27 during engine operation in an activity temperature requirement. 
Depending on the temperature of the sensor component 27, it is alike, therefore the impedance 
(henceforth a "component impedance") Zdc of the sensor component 27 of this air-fiiel ratio sensor 26 has 
the property that the temperature of the sensor component 27 rises and that the component impedance Zdc 
falls (refer to drawing 16 ). 

[0020] This air-fuel ratio sensor 26 is controlled by the sensor control circuit 29. The submicrocomputer 
(it is written as a "submicrocomputer" below) 3 1 which transmits and receives data between the engine . 
control circuits 30 is formed in the sensor control circuit 29. The engme control circuit 30 is a 
microcomputer which serves as a subject who controls the engine 1 1 whole, outputs the ignition 
command signal and injection signal which were calculated according to ignition / injection control 
routine memorized by the ROM (not shown) to an ignition 42 and a fuel injection valve 20, and controls 
ignition / injection actuation while it plays the role of the host microcomputer to the submicrocomputer 
31. 

[0021] On the other hand, in order for the submicrocomputer 31 to contain the backup RAM35 grade 
backed up with CPU32, ROM33 (storage), RAM34, and a dc-battery (not shown) and to control the 
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applied voltage of the sensor component 27 An applied-voltage command signal is outputted to the 
component applied-voltage control circuit 37 through D/A converter 36, and it controls to hold the applied 
voltage (electrical-potential-difference difference of the both ends of the sensor component 27) of the 
sensor component 27 on a predetermined electrical potential difference by this component applied-voltage 
control circuit 37 at the time of the usual air-fuel ratio detection. The current detector 38 which detects the 
component current produced for the sensor component 27 according to the air-fiiel ratio in an exhaust gas 
is buih in the component applied-voltage control circuit 37, and the electrical potential difference 
according to the component current detected in this current detector 38 is incorporated in the 
submicrocomputer 3 1 as an air-fuel ratio detecting signal through A/D converter 39. 
[0022] Moreover, the submicrocomputer 31 inputs a duty signal into the heater control circuit 40, and 
controls the duty factor (duty ratio) of a heater 28 by this heater control circuit 40. The potential 
difference (heater voUage) and the heater current of both ends of this heater 28 are detected by the heater 
control circuit 40, and that detecting signal is inputted into the submicrocomputer 31 through A/D 
converter 41. 

[0023] Each routine of drawin g 3 for controlling the current (henceforth the "heater current") of a heater 
28 and drawing 7 is memorized by ROM33 of this submicrocomputer 31. Hereafter, the contents of 
processing of each routine performed with the submicrocomputer 3 1 are explained. 
[0024] The heater control routine shown in drawin g 3 is started by timer interrupt processing with a 
predetermined period (for example, periods of 128ms). Starting of this routine judges first whether the 
sensor component 27 reached the half-active state at step 101 by whether the component impedance Zdc 
of the air-fuel ratio sensor 26 fell below to the predetermined half-activity decision value (for example, 
200ohms). 

[0025] Under the present circumstances, the component impedance Zdc is detected as follows. As shown 
in drawing 4 , after changing temporarily the applied voltage of the air-fuel ratio sensor 26 in the forward 
direction at the time of detection of the component impedance Zdc, it is made to change in the negative 
direction. And the component impedance Zdc is computed by the degree type from electrical-potential- 
difference variation dehaV when changing applied voltage in the forward direction (or the negative 
direction), and current variation dehal. Zdc=deltaV/deltaI [0026] In addition, this detection approach is an 
example, and based on the electrical potential difference of positive/negative both sides, and the variation 
of a current, the component impedance Zdc may be detected or it may compute the component impedance 
Zdc (=Vneg/Ineg) from the sensor current Ineg when impressing the negative applied voltage Vneg. 
[0027] When it judges that the component impedance Zdc is not falling below to a half-activity decision 
value (200ohms) at the above-mentioned step 101, the sensor component 27 judges that a half-active state 
is not reached, progresses to step 102, and controls energization of a heater 28 by "100% energization 
control." This 100% energization control is control which maintains the duty factor (duty ratio) of a heater 
28 to 100%, maintains the calorific value of a heater 28 to max, and promotes the temperature rise of the 
sensor component 27. During the period when the sensor component 27 has not reached a half-active 
state, energization control continues this 100% and it carries out. 

[0028] The temperature of the sensor component 27 rises by generation of heat of a heater 28. Then, at 
step 101 When it judges that the component impedance Zdc fell below to the half-activity decision value 
(200ohms) It judges that the sensor component 27 reached the half-active state, progresses to step 103, 
and judges whether it is below a decision value predetermined for the component impedance Zdc to start 
component impedance feedback control (for it to be written as "component impedance F/B control" 
below). Here, the decision value of component impedance F/B control initiation judges whether the 
temperature of the sensor component 27 carried out the temperature up to near activity temperature (that 
is, was the sensor component 27 activated or not?), and is set as a value larger about lOohms than the 
target impedance ZdcTG by which storage maintenance is carried out into backup RAM 24. For example, 
when the initial value (value before sensor degradation) of the target impedance ZdcTG is 30ohms, the 
decision value of component impedance F/B control initiation is set as 30H-10=40ohm. 
[0029] When judged with "No" at this step 103, the temperature up is carried out to near activity 
temperature, and the temperature of the sensor component 27 judges that there is nothing (not activated), 
progresses to step 104, and controls energization of a heater 28 by "power control." Under the present 
circumstances, from the map shown in drawin g 5 according to the component impedance Zdc, a power 
command value is determined and duty ratio Duty of a heater 28 is computed according to that power 
command value. The sensor component 27 is a half-active state, and this power control is carried out at 
the period before activation is completed. 

[0030] Then, it progresses to step 108 and judges whether it is beyond the predetermined power guard 
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value WHGD with which the power command value was computed by the power guard value 
configuration routine (not shown), and if a power command value is beyond the power guard value 
WHGD it will progress to step 109, guard processing of the power command value will be carried out 
with the power guard value WHGD (power command value = WHGD), and this routine will be ended. On 
the other hand, if a power command value is smaller than the power guard value WHGD, the power 
command value computed at step 104 will be adopted as it is, and this routme will be ended. 
r003 1] Then when the temperature of the sensor component 27 carried out the temperature up to near 
activity temperature and this routine is started, it is judged with "Yes" at step 103, the target impedance 
configuration routine of drawin g 7 later progressed and mentioned to step 105 is performed, and the target 
impedance ZdcTG is set up. Then, it progresses to step 106 and component impedance F/B control is 
carried out. In this component impedance F/B control, duty ratio Duty which is the duty factor of a heater 
28 is computed as follows, for example using PID control. 

[0032] First, Proportional GP, the integral term GI, and the differential term GD are computed by the 
following (1)- (3) type. 
GP=KP- (Zdc-ZdcTG) .... (1) 
GI=GI (i-l)+KI- (Zdc-ZdcTG) .... (2) 
GD=KD- {Zdc-Zdc (i-1)} .... (3) 

Here, KP is a differential constant and a proportionality constant and KI are [ an mtegration constant and 

KD ] GI (i-1) and Zdc (i-1). It is a value at the time of processing last time. 

[0033] And while computing duty ratio Duty of a heater 28 by integrating the above-mentioned 

proportional GP, the integral term GI, and the differential term GD (Duty-GP+GI+GD), the power 

command value corresponding to computed duty ratio Duty is computed. In addition, control of duty ratio 

Duty is not limited to the above-mentioned PID control, and may use PI control and P control. 

[0034] And the component impedance F/B execution flag XFB is set to "1" at the following step 107. It is 

shown whether component impedance F/B control is carried out, as for this flag XFB, XFB=1 means 

implementation of component impedance F/B control, and XFB=0 means un-carrying [ of component 

impedance F/B control ] out. In addition, this flag XFB is reset by "0" at the time of ON actuation of an 

ignition key. 

[0035] The power guard value WHGD is computed by the power guard value configuration routine (not 
shown), and guard processing of a power command value is performed also for during a component 
impedance F/B control period (steps 108 and 109). When the power command value has reached the 
power guard value WHGD at this time, duty ratio Duty computed at the above-mentioned step 106 is 
corrected according to the power guard value WHGD. 

[0036] According to the temperature rise (fall of the component impedance Zdc) of the sensor component 
27, control of a heater 28 is performed in order of 100% energization control -> power control as 
mentioned above, the temperature of the sensor component 27 is raised to near activity temperature, it is 
maintaining the component impedance Zdc to the target impedance ZdcTG by component impedance F/B 
control after that, and the temperature of the sensor component 27 is held to activity temperature. 
[0037] By the way, although the temperature of the sensor component 27 will be maintained by the 
optimal activity temperature of about 700 degrees C if the target impedance ZdcTG is set as 30 ohms 
before degradation of the air-fuel ratio sensor 26 as shown in draw ing 6 when desired value (the optimal 
activity temperature) of the temperature of the sensor component 27 is made into 700 degrees C If the air- 
fiiel ratio sensor 26 deteriorates, in 30ohms, a chip temperature will be large the optimal activity 
temperature of 700 degrees C, and the target impedance ZdcTG will exceed (the chip temperature at this 
time rises, so that degradation progresses). 

[0038] So, with this operation gestalt, by performing the target impedance configuration routine shown in 
drawing 7 , even when the air-fuel ratio sensor 26 deteriorates, the target impedance ZdcTG is amended to 
an increment side according to the degradation degree of the sensor component 27 so that the temperature 
of the sensor component 27 can be maintained near the optimal activity temperature of 700 degrees C. 
[0039] The target impedance configuration routine of drawin g 7 is a subroutine performed at step 105 of 
the heater control routine of drawing 3 . If this program is started, it will judge [ of component impedance 
F/B control ] first whether it is under activation (XFB=1) at step 111. When component impedance F/B 
control is not started, it progresses to step 1 12 (when it is XFB=0), the target impedance ZdcTG is read 
fi-om backup RAM 24, and it is set up as initial value. The initial value of this target impedance ZdcTG is 
used at the time of initiation of component impedance F/B control of said step 106. 
[0040] Then, when switched to component impedance F/B control (XFB=1), it judges whether the heater 
power WH which progressed to step 113, computed heater power WH (=VhxIh) from the heater voltage 
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Vh at that time and the heater ff^at Ih, and was computed at the following i^p 14 is beyond the power 
guard value WHGD. If judged with WH<WHGD, it progresses to step 1 1 5 and the counter which 
measures the duration of the condition of "WH>=WHGD" is cleared to "0", at continuing step 1 16, the 
target impedance ZdcTG will be held to the value at that time (for example, if it is an initial state before 
sensor degradation 30ohms), and this routine will be ended. 

[0041] On the other hand, if judged with WH>=WHGD at the above-mentioned step 1 14, it wiU progress 
to step 1 17 and the value of the counter which measures the duration of the condition of "WH>-WHGD" 
will be counted up. And it judges whether based on said counter value, the duration of the condition of 
"WH>=WHGD" became at the following step 118 beyond predetermined time (for example, for 5 
minutes). With [ the duration of the condition of "WH>=WHGD" ] predetermined time [ under ], it judges 
that the air-fuel ratio sensor 26 has not deteriorated yet, and progresses to step 1 16, and the value of the 
target impedance ZdcTG is held as it is. On the other hand, when the duration of the condition of 
"WH>=WHGD" is beyond predetermined time, it judges that the air-fuel ratio sensor 26 has deteriorated, 
and progresses to step 1 19, only the predetermined value alpha amends the target impedance ZdcTG to an 
increment side, and this routine is ended. 

[0042] The target impedance ZdcTG amended at the above-mentioned step 1 19 is stored in backup RAM 
35, and storage maintenance is carried out also during a halt of an engine. And the target impedance 
ZdcTG after this amendment is read at said step 112, when this routine is started after the next engine 
starting. 

[0043] On the other hand, the engine control circuit 30 performs the catalyst early warming-up control 
routine of drawin g 2 for every predetermined crank angle after ON of an ignition switch (not shown), and 
performs catalyst early warming-up control as follows. Starting of this routine judges first whether the 
catalyst early warming-up control execution condition is satisfied at step 201, As this catalyst early 
warming-up control execution condition, it is [ that a catalyst 25 is before warming up (before activity), 
and ] the operational status which can perform ignition timing lag control (at for example, the time of idle 
operation), and when all of these conditions are filled, a catalyst early warming-up control execution 
condition is satisfied, for example. In addition, what is necessary is to judge whether a catalyst 25 is 
before warming up at the elapsed time after starting, and cooling water temperature, or to make it judge it 
with the inhalation air content addition value or fuel-oil-consxmiption addition value after starting, and 
just to, judge whether a catalyst 25 is before warming up in short using the parameter related to the total 
heat given to a catalyst 25 after starting. 

[0044] When the catalyst early warming-up control execution condition is satisfied, progress to step 202, 
perform ignition timing lag control, an exhaust air heating value is made to increase, and warming up of a 
catalyst 25 is promoted. Then, when the catalyst early warming-up control execution condition stopped 
satisfying, it progresses to step 203, catalyst early warming-up control is ended, and it shifts to the usual 
ignition timing control. 

[0045] Moreover, the engine control circuit 30 starts the abnormality diagnostic routine in catalyst early 
warming-up control of drawing.9 by timer interrupt processing with a predetermined period (for example, 
periods of 128ms), performs an abnormality diagnosis of a catalyst early warming-up control system, and 
plays a role of an abnormality diagnostic means as used in the field of a claim. In addition, it may be 
made to perform this routine with the submicrocomputer 3 1 . 

[0046] Here, the abnormality diagnostic approach of the catalyst early warming-up control system by this 
routine is explained roughly. The output level of the air-fuel ratio sensor 26 rises to normal level as the 
air-fuel ratio sensor 26 is heated, after engine starting carries out the temperature rise of the circumference 
of the air- fuel ratio sensor 26 by the heat of the flowing exhaust gas, and generation of heat of a heater 28 
and activation of the air- fuel ratio sensor 26 progresses by it. If the exhaust air heating value under 
catalyst early warming-up control decreases and warming up (activation) of a catalyst 25 is overdue with 
failure of a catalyst early warming-up control system etc., activation of the air-fuel ratio sensor 26 will 
also be overdue. 

[0047] Paying attention to the correlation of the progress condition of warming up of such a catalyst 25, 
and the progress condition of activation of the air-fuel ratio sensor 26, by judging the progress condition 
of activation of the air-fuel ratio sensor 26 after engine starting, the progress condition of warming up of a 
catalyst 25 is judged indirectly, and the existence of the abnormalities of a catalyst early warming-up 
control system is diagnosed. 

[0048] Under the present circumstances, it judges using time amount until, as for a judgment, engine 
starting to the air-fiiel ratio sensor 26 activates the progress condition of activation of the air-fuel ratio 
sensor 26, and the power consumption addition value (henceforth a "heater power addition value") of a 
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heater 28. That is, if the exhaulBr heating value under catalyst early warmifl|Bp control decreases by 
failure of a catalyst early warming-up control system etc., while time amount until the air-fuel ratio sensor 
26 is activated will become long By judging whether since a heater power addition value increases, as 
compared with the decision value, activation of the air-fuel ratio sensor 26 is unusually late, respectively 
in time amount and a heater power addition value until the air-fuel ratio sensor 26 is activated from engine 
starting It judges whether warming up of a catalyst 25 is unusually late indirectly, and the existence of the 
abnormalities of a catalyst early warming-up control system is diagnosed. 

[0049] Hereafter, the contents of processing of the abnormality diagnostic routine in catalyst early 
warming-up control of draw ing 9 which performs an abnormality diagnosis of this catalyst early 
warming-up control system are explained. If this routine is started, before the sensor component 27 is 
activated, it will judge first whether it is or not at step 301 by whether the component impedance Zdc of 
the air-fuel ratio sensor 26 is larger than a predetermined activity decision value (for example, 40ohms). 
What is necessary is just to set this activity decision value as the same value as the decision value of the 
component impedance F/B control initiation used at step 103 of said drawin g 3 . 
[0050] It judges, before the sensor component 27 is activated, when it judges that the component 
impedance Zdc is larger than a predetermined activity decision value at step 301, and it progresses to step 
302, and is the heater power addition value WHSM from starting to last time (i-1). This heater power WH 
computed at step 1 13 of said drawing 7 is added, and the storage value of the heater power addition value 
WHSM is updated. 

[0051] Then, it progresses to step 303, the elapsed time counter CNT after starting which measures the 
elapsed time after starting is counted up, and it is the inhalation air content addition value GASM from 
starting to last time (i-1) at the following step 304 further. This inhalation air content GA is added and the 
storage value of the inhalation air content addition value GASM is updated. 

[0052] then, when the air- fuel ratio sensor 26 is activated and the component impedance Zdc of the air- 
fuel ratio sensor 26 becomes below a predetermined activity decision value (for example, 40ohms), it 
judges with "No" at step 301 - having - step 305 — progressing ~ decision values KWHSM and KCNT 
of an abnormality diagnosis It computes by the degree type. 

KWHSM=BWHSMxCWHSMKCNT =BCNT xCCNT [0053] Here, they are BWHSM and BCNT, It is a 
base value and is equivalent to the decision value beforehand set up on the engine operation conditions 
used as criteria. CWHSM and CCNT Engine operation conditions are accepted, respectively and they are 
the base values BWHSM and BCNT. It is a correction factor for amending. Processing of this step 305 
plays a role of an amendment means as used in the field of a claim. 

[0054] In consideration of the exhaust air heating value supplied to the air- fuel ratio sensor 26 changing 
with inhalation air contents GA (exhaust-gas flow rate) by this routine, the inhalation air content addition 
value GASM until the air-fuel ratio sensor 26 is activated from starting is calculated at step 304, and it 
progresses to step 305 after the activity of the air-fuel ratio sensor 26, it responds to the inhalation air 
content addition value GASM on the map of drawin g 10 and drawin g 1 1 , and they are correction factors 
CWHSM and CCNT. It computes. Under the present circumstances, they are correction factors CWHSM 
and CCNT, so that the inhalation air content addition value GASM increases in consideration of the 
exhaust air heating value supplied to the air-fiiel ratio sensor 26 increasing, and activation of the air-fliel 
ratio sensor 26 becoming early, so that the inhalation air content addition value GASM increases. When it 
is set up so that it may become small, and the inhalation air content addition value GASM is a reference 
value, they are correction factors CWHSM and CCNT. It is set to 1.0. Base values BWHSM and BCNT 
Decision values KWHSM and KCNT set up in an experiment or simulation when the inhalation air 
content addition value GASM was a reference value It corresponds. 

[0055] In addition, the average of the inhalation air content GA is computed instead of the inhalation air 
content addition value GASM, it responds to the average of the inhalation air content GA, and they are 
correction factors CWHSM and CCNT. You may make it compute. Moreover, since the exhaust air 
heating value which an exhaust-gas temperature changes according to an air-fuel ratio, and is supplied to 
the air-fiiel ratio sensor 26 changes, as shown in drawin g 12 , correction factors CWHSM and CCNT may 
be set up according to an air-fuel ratio addition value (or average) until the air-fuel ratio sensor 26 is 
activated from starting. 

[0056] Or it responds to the parameters (for example, the cooling water temperature at the time of 
starting, an oil temperature, an intake-air temperature, engine shutdown time amount, etc.) correlated with 
the exhaust pipe temperature in early stages of starting as shown in <kawing .L3 since the exhaust air 
heating value which an exhaust-gas temperature changes according to the exhaust pipe temperature in 
early stages of starting, and is supplied to the air-fuel ratio sensor 26 changes, and they are correction 
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factors CWHSM and CCNT. I^fnay set up. 

[0057] Moreover, with the engine which carried the adjustable valve timing device, since the exhaust air 
heating value which an exhaust-gas temperature changes according to the amount of valves overlap, and 
is supplied to the air-fuel ratio sensor 26 changes, as shown in drawing J4 , correction factors CWHSM 
and CCNT may be set up according to the amount addition value of valves overlap (or average) until the 
air-fuel ratio sensor 26 is activated from starting. 

[0058] Moreover, it responds to a vehicle speed addition value (or average) in order that the rise of an 
exhaust-gas temperature may decrease and activation of the air-fiiel ratio sensor 26 may be overdue with 

it, as the transit airflow which cools an exhaust pipe 24 increases, and the temperature rise of an exhaust 



ratio sensor 26 is activated from starting, and they are correction factors CWHSM and CCNT. You may 
set up. 

[0059] In addition, by this routine, it is based only on one parameter (inhalation air content addition value 
GASM), and they are the base values BWHSM and BCNT. Although it was made to amend, you may 
make it two or more parameters amend. In this case, two or more correction factors computed from the 
map of dr awin g 10 - drawing 15 etc. are multiplied, or the map or formula which makes two or more 
parameters a variable is produced, and you may make it compute a correction factor from that map or a 
formula. 

[0060] Moreover, at this routine, they are the base values BWHSM and BCNT. Correction factors 
CWHSM and CCNT It amends and they are the decision values KWHSM and KCNT of an abnormality 
diagnosis. Ahhough asked The heater power addition value WHSM until the air- fuel ratio sensor 26 is 
activated from starting, and the counted value of the elapsed time counter CNT after starting A correction 
factor CWHSM CCNT You may make it amend (in this case, what is necessary is just to use the base 
values BWHSM and BCNT as decision values KWHSM and KCNT of an abnormality diagnosis as they 
are). 

[0061] They are the decision values KWHSM and KCNT of an abnormality diagnosis at step 305 as 
mentioned above. After computing, it progresses to step 306, and by whether the conditions of** of a 
degree and ** are fulfilled [ both ], it judges whether activation of the air-fuel ratio sensor 26 progressed 
normally, and normal/abnormalities of a catalyst early warming-up control system are diagnosed by it. 
[0062] ** There are few heater power addition values WHSM until the air-fuel ratio sensor 26 is activated 
from starting than a decision value KWHSM (WHSM<KWHSM). 

** The time amount CNT until the air-fuel ratio sensor 26 is activated from starting is a decision value 
KCNT. Short thing (CNT<KCNT) 

If these two conditions ** and ** are filled [ both ], it will judge that activation of the air-fuel ratio sensor 
26, as a result early warming up of a catalyst 25 were performed normally, will progress to step 307, it 
will set to "ON" which means that a catalyst early warming-up control system is normal in a normal 
judging flag, 2ind this routine will be ended. 

[0063] On the other hand, if there are conditions which are not filled with two above-mentioned either, 
condition ** and **, it will judge that activation of the air-fiiel ratio sensor 26, as a result early warming 
up of a catalyst 25 were not performed normally, will progress to step 308, it will set to "ON" which 
means that a catalyst early warming-up control system is unusual in an abnormality judging flag, and this 
routine will be ended. Processing of the above-mentioned step 306 plays a role of a sensor activity 
judging means as used in the field of a claim. 

[0064] In addition, although it was made to judge with a catalyst early warming-up control system being 
unusual by this routine when there were conditions which are not filled with two above-mentioned either, 
condition ** and **, they are the decision values KWHSM and KCNT of an abnormality diagnosis. When 
it is set as a larger value and both two above-mentioned conditions ** and ** are not filled, you may 
make it judge with a catalyst early warming-up control system being unusual. 

[0065] Or two above-mentioned ones, condition ** and **, of operations and judgment processing are 
omitted, and it may be made to perform only operation of one of the two and judgment processing for 
simplification of data processing. 

[0066] The example of activation of an abnormality diagnosis of the catalyst early warming-up control 
system explained above is explained using the timing diagram of drawing 16 . Drawin g 16 shows an 
example of change, such as the component impedance Zdc of the air-fuel ratio sensor 26 when carrying 
out the lag of the ignition timing after engine starting, and performing catalyst early warming-up control, 
heater power WH, and an exhaust-gas temperature. 

[0067] After engine starting, a period (component impedance Zdc> 200-ohm period) until the air- fuel 
http://www4.ipdl.ncipi.go.jp/cgi-bin/tran__web__cgi_ejje 3/25/2005 




JP,2003-120408,A [DETAILED DESCRIPTION] 



Page 9 of 10 



ratio sensor 26 reaches a half-i^R state carries out energization control lOC^Pkd promotes the 
temperature up of the air-fuel ratio sensor 26 with generation of heat and the exhaust air heat of a heater 
28. It is tl the time of the air-fuel ratio sensor 26 being in a half-active state by energization control this 
100%. Shifting to power control, a period (200ohm>= component impedance ZdO 40-ohm period) until 
activation of the air-fuel ratio sensor 26 is completed after that raises the temperature of the air-fiiel ratio 
sensor 26 to near activity temperature with this power control and exhaust air heat. It is t2 the time of this 
falling to 40ohms or less whose component impedances Zdc are activity decision values. It judges that 
activation of the air-fiiel ratio sensor 26 was completed, and shifts to component impedance F/B control, 
and F/B control of the heater power WH is carried out, and the temperature of the air-fuel ratio sensor 26 
is held to activity temperature so that the component impedance Zdc may be maintained to target 
impedance 30ohm (when there is no degradation). In addition, heater power WH is a power conmiand 
value finally computed based on a power guard value and the power by feedback. 
[0068] Ahhough it is carrying out the lag of the ignition timing and raising an exhaust-gas temperature 
during catalyst early warming-up control and the temperature rise (fall of the component impedance Zdc) 
of the air-fuel ratio sensor 26 is promoted, if a catalyst early warming-up control system becomes unusual, 
since an exhaust-gas temperature will become lower than always [ forward ], later than always 
[ forward ], the fall of the component impedance Zdc will be in the temperature rise of the air-fiiel ratio 
sensor 26. Consequently, at the time of the abnormalities of a catalyst early warming-up control system, 
while the time amount CNT until the air-fiiel ratio sensor 26 is activated from starting becomes longer 
than always [ forward ], the heater power addition value WHSM becomes larger than always [ forward ]. 
[0069] Paying attention to this relation, with this operation gestalt, the decision value of an abnormality 
diagnosis is set up in the middle of the value of forward always, and the value at the time of 
abnormalities, respectively, and the existence of the abnormalities of a catalyst early warming-up control 
system is judged by whether time amount CNT and the heater power addition value WHSM are larger 
than a decision value about the time amount CNT until the air-fuel ratio sensor 26 is activated from 
starting, and the heater power addition value WHSM. With this operation gestalt explained above, paying 
attention to the correlation of the progress condition of warming up of a catalyst 25, and the progress 
condition of activation of the air-fuel ratio sensor 26, it judges whether the progress condition of warming 
up of a catalyst 25 is unusually late indirectly, and the existence of the abnormalities of a catalyst early 
warming-up control system is diagnosed by judging whether the progress condition of activation of the 
air-fuel ratio sensor 26 is unusually late. In this case, since the air-fuel ratio sensor 26 currently installed 
for Air Fuel Ratio Control should just be used for the air-fuel ratio sensor 26 used for an abnormality 
diagnosis of a catalyst early warming-up control system, while it does not need to form a sensor with a 
new sensor etc. whenever [ catalyst temperature ] and fills the demand of low-cost-izing, the fimction to 
perform an abnormality diagnosis of a catalyst early warming-up control system is realizable. 
[0070] And with this operation gestalt, since the decision value of an abnormality diagnosis was amended 
according to engine operation conditions (inhalation air content etc) and/or environmental conditions 
(outside air temperature etc.) until the air-fiiel ratio sensor 26 is activated fi-om starting, even if an 
environmental condition differs from engine operation conditions, the progress condition of activation of 
the air-fiiel ratio sensor 26 can be judged on the always almost same conditions, and the judgment 
precision of the progress condition of activation can be improved. 

[0071] In addition, although the time amount CNT until the air-fiiel ratio sensor 26 is activated fi-om 
starting, and the heater power addition value WHSM were measured with this operation gestalt The time 
amoimt CNT after the component impedance Zdc of the air-fuel ratio sensor 26 falls below to a 
predetermined value (for example, lOOohms) after starting until it falls to an activity decision value (for 
example, 40ohms), and the heater power addition value WHSM are measured. As compared with a 
decision value, it may be made to perform an abnormality diagnosis of a catalyst early warming-up 
control system this time amount CNT and the heater power addition value WHSM, respectively. If it does 
in this way, even if the temperature (component impedance Zdc) of the air-fiiel ratio sensor 26 of the time 
of starting differs, the time amount CNT and the heater power addition value WHSM which activation of 
the air-fiiel ratio sensor 26 takes can be measured on the always same conditions, and abnormality 
accuracy can be improved. 

[0072] Moreover, it takes into consideration that catalyst early warming-up control of ignition timing lag 
control etc. is started after waiting for a while until an engine operation condition is stabilized to some 
extent after starting. The time amount CNT after catalyst early warming-up control of ignition timing lag 
control etc. is started after starting until the component impedance Zdc of the air-ftiel ratio sensor 26 falls 
to an activity decision value (for example, 40ohins), and the heater power addition value WHSM are 
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measured. As compared with ijfcsion value, it may be made to perform an^^rmality diagnosis of a 
catalyst early warming-up control system this time amount CNT and the heater power addition value 
WHSM, respectively. If it does in this way, without being influenced of dispersion in the engine operation 
condition before catalyst early warming-up control is started, the progress condition of activation of the 
air-fuel ratio sensor 26 by catalyst early warming-up control can be judged with a sufficient precision, and 
abnormality accuracy can be improved. 

[0073] Moreover, the addition value of the component impedance Zdc is computed and it may be made to 
perform an abnormality diagnosis of a catalyst early warming-up control system for the addition value of 
this component impedance Zdc instead of the above-mentioned heater power addition value WHSM as 
compared with a decision value. 

[0074] Moreover, although the existence of the abnormalities of a catalyst early warming-up control 
system was diagnosed with said operation gestalt by judging the progress condition of activation of the 
air-fuel ratio sensor 26 installed in the upstream of a catalyst 25 In the system which installed the 
discharge gas sensor which detects gas-constituents concentration, such as an oxygen density of an 
exhaust gas, an air-fuel ratio, or rich/Lean in the downstream of a catalyst 25 You may make it diagnose 
the existence of the abnormalities of a catalyst early warming-up control system by judging the progress 
condition of activation of the discharge gas sensor of the downstream of a catalyst 25. 
[0075] Moreover, in the system which installed the discharge gas sensor in both the upstream of a catalyst 
25, and the downstream, the progress condition of activation of the discharge gas sensor of the upstream 
and the progress condition of activation of the discharge gas sensor of the downstream are judged, and it 
may be made to perform an abnormality diagnosis of a catalyst early warming-up control system from the 
judgment result of these both sides synthetically. In this case, a comparison or difference of the judgment 
results (time amount, a heater power addition value, etc. which activation of a discharge gas sensor takes) 
of the progress condition of activation of the discharge gas sensor of the upstream and the progress 
condition of activation of the discharge gas sensor of the downstream may be made to perform an 
abnormality diagnosis of a catalyst early warming-up control system. 

[0076] As shown in drawing 16 , moreover, at the period (200ohm>= component impedance ZdO 40- 
ohm period) of power control The point that the time of the abnormalities of a catalyst early warming-up 
control system differs in the rate of change (variation per unit time amount) of the component impedance 
Zdc from always [ forward ] is noted. The average of the rate of change of the component impedance Zdc 
is computed during the period of power control, and it may be made to perform an abnormality diagnosis 
of a catalyst early warming-up control system for the rate-of-change average of this component 
impedance Zdc as compared with a decision value. 

[0077] In addition, the discharge gas sensor arranged to the upstream and/or the downstream of a catalyst 
25 is not limited to the air-fuel ratio sensor which detects an air-fuel ratio, but can be carried out with the 
application of this invention to the system carrying the sensor which detects gas-constituents 
concentration, such as an oxygen density of an exhaust gas, and the oxygen sensor which detects 
rich/Lesm of an exhaust gas. 

[0078] Moreover, with said operation gestalt, although it was made to perform the activity judging of a 
discharge gas sensor (air-fuel ratio sensor 26) based on the component impedance Zdc, an activity judging 
may be performed by whether the output of a discharge gas sensor became beyond the predetermined 
value. Moreover, in the case of the oxygen sensor which detects rich/Lean of an exhaust gas, an activity 
judging may be performed by whether the output of an oxygen sensor changed from the Lean output to 
the rich output. 
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:^^f^^o^MJt^^tiii-^^;^it'fe>i^2 6 

>^^s^^t^t^.TV^5o CcD^Blfc-trVl^ 2 6 (JD-fe:^ 
■t^*^2 7 ([1I2#BS) ?g■m-as;^$s^v^3^c^?) (i^6 

0 0-7 0 ori^_b) . S^tH;^;^(D^co;^-Cf^. 

>^*^»j^{c-fevihm^2 7^^ffl{c^tt>fb-r5^:<hf^ffl 
itrr^fe-So ^rT% ^;^Jt:fe:>-1^ 2 6 Jjf ^ 

■^-2 7 (^ja^trfStt^a^ffilSfc^^^'t-'S ct 5 f:: t 2 
1^2 6(7:)-fe:>'ih^^2 7<:D<r ^^^^-j:^ (j^T T^T- 

?E.^{-teffL.. ir>i^^^2 7<D?aS;6S_h^i-5(;i^j^o 

(mi 6#M) o 

[0 0 2 0] ro^J^Jt-fe>'1^2 6fi. 'fe:>'1^«lJ#lHJ!^. 
2 9 [Cj:oT^IJttt$iL5, ir>-ih$fJ^^Io]^2 9fC:fl. 

^) 3 l;dS|g'ttP5tLTV>§o :ii>'v?>SiJ#(niK3 Of^. 

^tmc^ ^Vi^^Vl l^fls:i^)SlJ^^fT5^#:^/c^5^ 
^iJ^ n=r>-f^— ^(^ROM (la^-^-f) (c: 

;^fg^{t-^^pittft^^,.fei;cag|g4 2 t:^MPttt#2 0 
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[0 0 2 1] i^:/-^^ =^ 3 1 li-. .c P u 3 2 . 
ROM3 3 (teitj^fr) . RAM3 4. y<^yTV (m^ 

^rtJ^L. -fevf-^^2 7(7:)^:fjDSEE:^$fjp-r^7^c^ 

Jl. ^^7)^^^;(jDmjBE$W»lHj^3 7{c:J:oT-t:>'i^^TF 
2 7 0^ADmiE (-t>1^^^2 7COf^^(7)a;EE^) 

7tc:^c5^^m^^^tHi-^m^5^^a(HiK3 s^^f^jg 

-<^««£^tm{HisS3 8T*Mffi^ttfc^^Si?f£^;i;S 

i:.fcmiE;d5A/D^j&^ 3 9 ^iff i^x^m^mtjdm'^t 
[0 0 2 2] ^tc. i^:7^-^-r nv-a i fi. 'T'^^—T^m 

SS4 0(Cj:oTt->5' 2 8<7)iim^ (^^^-T^^it) ^ 

^yffl3i-So cot— ^ 2 sof^^com^in (e— 

20 iEE) t:->5^llj5S;6Sl:-^$iJ^lHJSS4 OtCj:oT^ttti$ 
^cD^mft^;6SA/D^i&S4 1 :^^u-ci^:;^-5--r 

[0 0 2 3] ::(D1^:7^■^-r ='>'3 1 (DROM3 3 J^f^. 

^-"^5^2 8 0^^^ (4^^T re— <Jrv^p) 

O 111 3 ^t>*ll| 7 5^ ^-^dSfE® ^ tb-C V ^ 

[ 0 0 2 4 ] 1^ 3 (C^-rt: -t^^SO^/ix^^^-^xfi^ m^<D 

mm m:^^ti 2 sxnsmM) x^^'^my)y2^^^m{c 

5^:7^1 0 I T. ^M^-fe'>^i^2 6 (D^^-rv-f—iJ^ 

Z d c P^i^m^CO^^g-li^^J^M (^ri;t.{^ 2 0 0 D) J^TfC 
<g:Tb;^c;5-^;6-T% ir 2 7.;6S^?£ttJbc^it^:iiL 

[0 0 2 5] ^^-r^-t'— y^-j^z d cfi. 

.e-->5^>';^Z d c O^^a:10#^C^Bit•fe:>i^2 6 cDmum 

t^^'-^:y:^Zd c^»i^{cX^Wtti'r^o Zdc = A 

'[0 0 2 6] m. :i(o^m:^mi^~-mx^'ox. lEMm 
m(Dmi^&umm,(om<\:A\cm-5\,^xm'=F-c 

^ Z d c $r^m Lfc . 1^(Dmiim,&V n e g ^^Bl;bD U 
tc^(D-^>1^m^ I n e g ;d^6^^-r ^-t'— >5^>>< Z d 
c (=Vneg/Ineg) ^^m\^X'h^\.\ 
[0 0 2 7] ±m^y^^yyi 0 1X\ ^-^^>h:-— - 
3<^Z d'c;dS^Sf4*J^ffl[ (2 0 0Q) e^Tfc:{g-FLTV^ 
50 *V^^*J^$i^fc®^fi. ir>1^^^2 7;dS^Stt)Kte 
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(5) ^§12 0 0 3- 1 2 04 0 8 

[0 0 2 8] ^(^m. t-^2 ScO^^tcJ:*?'^:/-!^^ ai^tl^cBlr^cO®^;^f-KMWHGDJ^JiXfe:5;6.5;5. 
^2 7c7)?a^^^*±#L.. :^y-yyi 0 ix\ m^^^ l^M' ^^J^L. m;^?g^ffi;6^m^;if- KMWHGD 

-i5^>;^Zd c;55i|^gfti|^,j^|ir (2 0 0Q) I^TO^T 10 . JiXfc^f^. :y 1 0 9 tc^®;^. m;^fg^iit^«^ 

(C^U^^c^^MbT. ^x:y^l 0 V GD) . ;^/l^-<^>^^^T-r^o' 

t'-i^V^^Zd c^5^-^^>'t:°-^>;^:7^-HV<c.^^ J^:^- KfltWHGD J: t) tmf^. ^'^:y^l 0 4 

*IJ^i-^. C^T\ [00 3 1] ^(^^. ^V4^^^2 7(D?^^;^5^^±?^^ 

E:^J^Jll^.^j3M..^^^ :y ri 0 3 X TY e s J W^^tt. :y ^ l Q 

[0 0 2 9] r0^7^>>:7'l 0 3X TNoJ tn^^fh Hj^-^o 
;^C^^. -i^^l^^-I^S 7C0?S^^S^14?aS#fi^X#?^ [0032]^-r. *0(1)~(3) SttCj: t)Jt^^m 

io4tcat^. t-^2 8(7)ii^^ ^mmmi tcj;t)*' - 

GP=KP • (Zdc-ZdcTG) (i) 

G I =G I (i-1) -fK I • (Zdc-ZdcTG) (2) 

GD = KD • {Z d c-Z d c (i-1) } (3) 

fft>^^ (s^T-y:^! 08, 109) o w(D<t#. 

KMWHGD(c^LTV>5#^(;if^. 
_htS^^ .y:n 0 exWMi.ti^^L—'r^itDu t y ib^ 

[0 0 3 6] J^Ji(?5J: 5fCLT. ^>'i^^-i^2 7 0D?kS 

(^3"^>'t:'-^v-:^ z d ccofgT) tcjSCT. b- - 
—^2 8 (DUm^ 1 0 0%iifl;K^~^S;j^^JI®c7)jigtcM 

tTbT-t>:i^^^2 7(^^^gti?^#i£^T-J::^.^ 

'^^>^'-^:yy^z d c^Bm^>}i''-^i^:^z d c t 

G{ati^i--6r <tT% -t>i^^^2 7(^^aS^S1^iaft 

[0 0 3 7] t:z^X\ ±>''f'mi^2 7 (D^g^^CDBWM 
(^m^m^) 7 0 0 °C i: Ltim^. HI 6 " 

-^V;:^Z d c TG^3 0 QJCfg^i-'S 
2 7 7 0 0 t:gS(C:*tJ$$ tb^ 



^WcXh »9 . G I (i-l)^I/Z d c (i-1) flBUlEl^l|B# 

[0 0 3 3] -^LT. ±mitmmGP. mi^moi. m 

^^SGD^a^UT. 2 ScOv^zx— v^^itDu t 

y^^nm'r^t^\^ (Du t y=GP + G I +GD) . 

I DSiJ^tcPS^^tb^ t>i^XJi/c^ < . P I $iJ^»^P^Jffl] 40 

[0 0 3 4] ^LT. »:(7);:^7^^>:/l O 7T\ 
t''-:^*>;^F/B||fT:7^>5^XFB§r rij ^cir:yKt- 
So ^<^:7^i^xFBfi. ^^-Y^-t:--^^^;:^F/BSiJ 

fflJ:6^^5S^:^^TV^5;^^:g^;6^^^i->b<?:>Xfe t). XFB = 
1 Ji^^F-f^t-— i$^>'^F/BS'JWc7)||J£:^ir*l-. X 
F B = 0 li^^^ > t"-^:^;;^ F/B®J{»(^)7|c^JS^# 

[0 0 3 5] m^-^ ^^I'-^iyy^Fysmmmm^h. so 



9 

6;65^Mbi-^<^. @^^>'fc:"->^*> 
;^ZdcTG;ei5 30Q T'fi. *^?^^7Ji^^igSS?^^ 7 

[0 0 3 8] -^rr-. *:^is?f^^-efi. I§l7(c^t-@^ 
7 0 0 X:Hmcm^x^^ 5 J: p tc. @ ;^ 

> t:''— i^'^V'^^ Z d c T G ^ir Vf-^-T- 2 7 CD^Yb^-g^ 
[0 0 3 9] in 7(7>@:^-r >b:'— r^^;^!^^/!^— 

' BMmcomn^ (xfb=i) x-^^t^^Tb^^m^-r 

(0 0 4 01-^0^, ^^-r >t°-i5^V;^F/B$iJ® 
(XFB=l) \:iW^^x.^titit^\^. y^y^y^ll 

/5^t> i$^m;^wH {=vhxih) ^^aju. ^o^^ 

{iiWHGD|^_LT^fe^;6-^;5-^fiJ^i-5o t •WH< 

WHGD,3r*lJ^$tbi^f^. y^y^^yyi 1 5 tciji;^., rw 

.f50|^J^)ycS-e$)tbf^, 3 0Q) {C-^JtbT:*:/^— 
[0 04 1] _hf2^'^5':/l 1 4^WH^WHG 

Di:¥iJ^$ti.tLi^, ;^ -7^:^:7^! i 7 \z.m^. fwH^w 
hX:y:/-r5o -^LT. ^?5:<^;^'7^ 5^:7^ 1 1 8 T\ ffj 

>r Vt--i$^>';?^Z d c TG(7?ffiS:^(^^^{^}§i--5o r 
tulc^b. rwH^WHGDj <^ibt^<^:)M^^P«1;dsgif^ 

Z d c T G ^^^ffi a ttlS^IDfiiJJc^iE LT*/U~5" 
[0 0 4 2] ±|5;:^-7^:y:7^1 1 9 T^ffijEbfc g:^^ ^-fc' 5i 
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-^^'^^Z d c TGI^. ^^y^Ty^'KAJsA.Z 

coMsmf7)S^^>-t:'^-:^V:^Z d c TGfi. ^<0^ly 

:7^1 1 2T-if;Zp^iZ.^:h.5o 
[0 0 4 3] ^^-ifV^JffllHlSSS 01^. 

o\^\^x%m^mmmum^mrT'r^o ^7\--^>^7bm 
mmmmmmn^\^t\^x\'t. mx.\^. mm2 5tmm 

^w^&m^mtif^m7^m.xmm\^tL^ ^ ^ 
[0044] nm^mmmMmmnmm^^f^^L ur v ^ 5 

i^-g^ti. ;^-7"5/:7'2 0 2t^it;^. ^>^^M31^fij»^^ 
ofcB#.^.T\ ;^^:yy'2 0 3{::ii;^. «4^^W^:S$iJ1^ 

- [0045] ^tz^ ^>i^>^mmm^3 o^-^. m9<oi^ 
30 i28ms;^s^) xi^-^-^m^^^mmi^xmmL.x^ 

^(Dm.mx\^^ ^ mnmm^^t i.xcD^m^^rzi'ro 

[0 0 4 6] r^:T% ^^^-'^:^\z.x^mm^mmmm 
(omt}!-^ 2 Bco^m^xox^mit-^>1^2 emn 

to (Of^mt:dmts{^m^X. ^mit'^.>'^2 6(Dth:bi^^ 
^ ^ A (D^m^ J: o T^iJ^^»3»1IISij^ * t^S^^^^ 

[0 0 4 7] :L(oj:o^j:mm2 5<Dmm(Dm^Mr^t^ 
^>v^>'^&»m^c^j^Jti^>i^2 6(o?gi4>fbcoii^ 

0 m^Bmrr^h(Dx^^^ 
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[0 0 4 8] r<7D^. ^m^ir^-^Z 6(Df^mt<Dm^ 

[0 0 4 9] i^T. r(D«J^-P.^ig1^$iJ^i/;:^v-i>s(^^ 

-iJ^V^Z d c :dmm(D^i±m&m (^!lx.f^4 0 Q) J; 
•9 >b:;'c^v^:a^i?3^l>r^ '^:y'^m^2 Ti^m^^t-t^mx 20 

[0 0 5 0] ^7^:y:/3 0 1 "C, ^^-T Vfc:'— ^>'>; Z 
'^>'D-'m'f-2 7 7(}*^^m[:i'^mtmmi.x. 

WHSM(i-l) {cmmm 7 (D:^y^ ^yy" 1 1 3 -T^tti Ufc 

^\B\<D\i—^m:t3wn^mmi.x. ^^i^mtimmsw 
HSMa^mmim^wm-r^o so 

0 0 5 2 ] ^(^5^. ^^Jt-fe 2 6 t^^mt LT^ 
^it^r>-1^2 6cD^^-r ^^b'— ^>';:^Z d oi!}m^<om 

:/3 0 1-crNoJ i:*IJ^^tL-C. ;?^7^:y>^3 0 5tc:it 40 
wHSMx K.CNT «t !9 3^tti 

KwHSM=^ BwhsmX Cwhsm 

KcNT — BcNT X CcNT 

[0 0 5 3] w:iT\ BwHSM<hBcNT \'^^—:^mX-h 

"f-^. mmt^j:^:^>^i>:ymm^i^xm^i.tzmm 

CwHSNK^^CcNT fix i^-^ lyiy 

WHSMx BcNT ^'ffiiE"t~S yhi?) 
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[0 0 5 4] "^^^itir ^/f- 2 6 tcft^^ 

T^^bi-^r ^^^itLT. ;^-7^5/>^3 0 4r\ i&i!i;ei^ 

fgOASM^J^ti^, ^mir>i^2 6(7)^ttmf-. 
5^:7^3 0 5\^m^. mi ORX/mi l (D-^^^yy^icX DBS 

CNT ^r^aU-r^o rcDI^. KAi^^aaS^tGASM;^^ 

%ItbT. SiA^^l:«®{eGASM:;&s^</^5(5<?r\ 
ffilE^^CwHSM. CcNT ^.^/h^ <y'J:^X^ f-iS'^^tL. 
Pi^ A^^4a#{iSG A S M75>S£^p{eo ^ t f-ffiiE^Si(cC 

WHSM. CcNT ^5 1. Oij&^o ^^:^ffiBwHSM. B CNT 

[0 0 5 5 ] eSA^^fiffi^®GASM(OYt*:>?){C 
P^A^mftGAf^^itlJM^^tiibT. KA^MSGA(D 

WHSMx CcNT ^S^tU'^^i ^ 

U 1 2 (C^-r J: 5 (d, ^fe»};5^^^*^i±;ir>i^2 6^5 

WHSM> CcNT^ix^ L-T^ ^ M V 

[0 0 5 6] ^f^. *^»lO»ico#^l^?^^{cj^;i:x^^M 
^-fhi-a/ci^). lui 3ic^i-j:5tc. ^Ibiiomo^^l^ 

[0 0 5 7] ^fc. -^m^<yi^y'i^^ ^ i^i^mm^mm l 

WHSM > CNT '3: 

[0 0 5 8] ^tt; mm:dm<^^j::b{cm<:>xm^'^2 4 

CwHSMx CcNT ^^^LTtAV\ 

[0 0 5 9 ] f^. ^^/i-'-^ VTJi, 1 -o(Dy<y' ;^ 
(KA^^Sffi^MGASM) o;s^fcS<5i/NT-<— 
B 

mi o-mi 5 0-v5/:7^^75-f>s:/±lLfc:mm<^ffilE#.IS: 



20 
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[0 0 6 01 ^tc. ^>T-*i:. ;^fltBwHSM. 

BcNT S:M:E^^Cwhsm. Ccmt T'ffilEbr^^^BrcT) 

WMSMx 

WHSM^ KcNT <t L-lT^ V "^tl^f"^^ V o 

[0 0 6 1 1 ^_hf7)J: 5 t-UT. ;^7":y:7'3 o 5T-^^ 
[0 0 6 2] Oi^W}-/)^h^m^^>''^ 2 6 -^^f^mtir^h 

(WHSM<Kwhsm) 

NT;;!i5fU:^MKcNx J: 19 t>^v^::<^: (CNT<Kcnt ) 

roNj (ci-ir^'hbT. :2^/w ^V^^Ti" 
[0 0 6 3] cmtC>Pl-Ur. JztS2oc^^#®, ©(7:)V> 
2.e<Df^mt. t>V^Xfi«4g£2 5 (D#.S8^:^;e»S3E^t;ifT 

.*|J^ :7 ^ ^^MM-^^^m^JifiJ i/;^ ^ fe ^ r 

-r^o im^'ry-y s 0 6 (7)^^:05#f^ft*co®laT•V^ 
40 0 6 4] 1^. */W-f^>'-Ctl. JilE 2 00^-14=®, 

WHSM-. KcNT ^"^^ 

[0 0 6 5] ^fi. ?S»^3®<DfflPIfrft:(D)tJ?){C. JliB2 
[0 0 6 6 ] £AJiK?^_byh<te^^»S«SJpt^><.'7^A(^ 



30 



40 
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x^m^mmmm'M^mn\.fz.^(D^m.it^->'^ 2^(o 
^<Dmt(o—m^7rvx\^^^. 

[0 0 6 7] ^mtt^ZyD- 2 6 T^^^fS 

> 2 0 0 Q(omm) fi> 1 0 o%mmMm^mm\^x^ 
2 s(D?tmtmn.mt\cx^x^mtt'^iyi)'2 e 

it-fe:>i^2 6;65¥^tt)bc|gJ^;:^oyb0#^.t 1 T% mtiM 

'r^^x<Dmm {2ooQ^m^^>'\f—yiyp^z&c 

> -4 0 Q (omm) fi. (DmtiWM t m^m^ t\ziXox 

.5o :i:h.fcj:!9. ^■^-O' h"— :^>'>^ Z d c ;i5^^^i^JS 
MT-fc5 4 OQJ^TtdigTLfcSt.^. t2 T\ ^;^itir> 
1^2 6cD?£^{b;d^^TLyc^*MUT. ^^-O-fc-— 

g^-r ^-e'-i^^v;:^ 3 0 Q (^Mb^7)/^v>m-g^) (c^i^^t* 
2 6(D?g.^^St^i&i^tc:'^^t-^o f^. i^m;^WH 

[0 0 6 81 mmw-mmmvm^\t.. ^.^k^m^m^ u 

(^-^-Y Vt"— ^>';:^ Z d c c7)^g;T) ^i^m-t^ 

c(Di&TimtLxt-^^^ -^(D^^. n^i^^mmmmm 

[0 0 6 9] :^<Dmm\z.mB :z|cmSff^^T*ti. 

^^h^m}t-^>-^2 6^*^^mt^^'^x<Dmmci^Tt 

^W^-r^o 4^-bl^^.0>gbfc*m;^?P^fiiT*{^. MM 2 5 CO 
^^^7:>tBKM#J-«@ ^^it^r>'i^2 6(7^^te>fl^(03t 

^^M'^:^mm\:im\^^:^-^:^-^^\^-r^ztx\ mmm:: 

^^)(-Sg^nTV^:5^it:ir>'1^2 6 ^fiJ.^-m«Sv> 
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[0 0 7 01 u^^ti. ^mm^mx-it. i^mrb^^^mit 
[0 0 7 1 ] f^. ^mmmmx\t,. i^W}:^^h^m\t'^i^ 

1iWHSM?rffl^bfc;av iim^\c^mit±:^'^2 6(D 
>t'-:^>';^Z.d c^^^^ffi (^(l;tf^ 1 0 0 Q) 

[0 0 7 2] ^yt. ^&«^tc:^v-^>'il^:K^;ei'^fe;5^ 

^^^-r ^ ^ xm < nox^^ib.^.Ammmi^um^<Dm 
m^mmmmm^mith^ti^^t^^mvx. imm^ 
^^^^mm^mmm(Dnm^mmmMmy^^^mt^^thX7b- 

b^^itir >^^2 6 <r>m^4 > Z d c i^^^-l^ 



[0 0 7 3] '^;^c: tft3^<Dt:-;$^'f:;^^^jiWHSM'(7:» 

[0 0 74] ^^c. miummmmxi^. mm2 s <D±m 

(O V ^r tUi- ^ PtB >-th ^ L i^;^ 7^ 
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<Ddm<D^m^nm-thXo^:i\^xh^^\ 
[0 0 7 5] ^fc. mm2 5 cojz«s«<^ Tm,m(Dm:^ic 

xmp^^mmmmm->:^TM.(Dm'^nm^n:> j: 5 tc u 

[0 0 7 6] ^ti^ m'l 6{::^i-J: 5tc; m:hmm(Dm 

m (2 0 0 Q^^^-r ^/f— ^>-;^Z d c > 4 0 QcO^ 

t']En^txm'^^^.^.\^m^\^. mtimm(omm^\^m 
"^-^ ^t"— z d c (D^^tm(oW'mu^nm r 
20 <^^^-r > t"— ij^^-;;^ z d c (o^itm^^^^^]-^m.t 

[00 7 7] i^. «^2 5 <DJi*MJ^tJ^/XfiT«i|iJlc: 

[0 0 7 8] ^fc. tuiBll:^?p^^Ti^. 

30 (^^.iti^>'i^.2 6) OSttW^^^^^V'f-^:/;;^^ 
Z d c^^:S-:5v^T^T5 #ai;5if;^ir 

[M®(7:)^^/^^0^] 



40 IE) 

50 ^^-ty^—T^^h 
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[Ell 0] eRA^^*»^ffiGASM<bMlE^^CwHSM 
[(Hill P^A^^Sffl^MGASMi:MiE#i&:CcNT 
[0121 ^;K^it«»{i:ir«iE^^CwHSM (Ccnt ) t 

[Ell 3] *&i!jB#?^ai7k?Ui:MiE^?.^Cw„sM (Ccnt ) 

[Ell 4] y<ji^'^:t-y<-'7 v^^mnmtmiEmWic 
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•WHSM (Ccnt ) t (Om^^M'&'t y'^M.1k^^\^7jk 

[mis] *:5gSS:MtMiE^.ifcc WHSM (Ccnt ) t O 
[Ell 6 ] tt^^#.^^^*J^i/;^xi^^7)^^t^»r^O*^T 

2 4---#^W. 2 5--ttjffi. 2 6--^Bitir>'1^ 
10 (#iU:;(/;?5.-trVi:^) , 2 7 ■••.i?>'i^^^. 2 8---.fc — 
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F ^ — M.(0^) 3G084 BA09 BA15 BA17 CA02 DA27 

EA07 EB22 ECOl FA26 FA29- 
3G091 AA17 AB03 BA14 BA15 BA19 

BA27 BA31 BA32 CA05 CB02 

DAOl DA02 DB04 DB05 DB06 

DB07 DB08 DBIO DB13 EAOl 

EA05 EA06 EA07 EA16 EA27 

EA28 EA29 EA30 EA34 FA02 

FA04 FA12 FA13 FA14 FB02 

FBIO FBll FB12 FC02 FC04 

FC07 GA06 HA36 
3G301 JB09 KA05 LBOQ MAOl MAIS 

ND13 ND17 NE23 PD05B 
4D048 AB07 BDOl CC53 CD06. DAOl 

DA02 DA08 DA20 




( 



